D u rin g the 19th cen tu ry there w ere fe w changes in tech n olog y in the h y d ro g ra p h ic field. T h e sextant and station -poin ters fo r fix in g the p o sition o f the c ra ft and the lead and lin e fo r sounding w ere in use at the end o f the cen tu ry as th ey had been at the beginning. T h e in v en tio n o f w iresou n d in g m achines du rin g the last qu a rter o f the cen tu ry fo r ocean sou n d in g in advance o f cab le-layin g operations w as the o n ly m a jo r in n ovation .
In the second and th ird qu arters o f the present ce n tu ry w e h ave seen tw o m a jo r explosions in h y d ro g ra p h ic tech n ology and a re at presen t ex p erien cin g a third. T h e first resu lted fro m the in ven tion o f echosounding, the second fr o m the develop m en t o f electro m a g n etic and other ele ctro n ic m ethods o f sh ip-fixing, w h ils t the third, possib ly the m ost d iffic u lt fo r the su rveyor to cope w ith , has been b rou gh t about b y the ad ven t o f the com p u ter and results fr o m our efforts to com b in e echosou n d in g and electron ic fix in g data w ith in a lo g g in g system capable o f rep ro d u cin g on-lin e or off-lin e plots and b ath ym etry, w ith the hope th at this w ill lead to m ore ra p id and m ore accu rate co m p ila tion o f sea surveys.
I t is o f course an o v er-sim p lifica tio n to speak o f three separate tech n ologica l advances, fo r even as w e are d e velop in g su rvey system s capable o f rep rodu cin g in g rap h ic or p rin ted fo rm the com b in ed results o f electro n ic fix in g and echo-sounding, im p rovem en ts and in n o va tion s are d evelop in g in these la tter equ ipm ents them selves. Som e are im p rovem en ts in q u a lity o f output, w h ilst others, such as d ig itisa tion o f echo-soundings, are necessary in order to m ake the equ ipm ents com p atib le w ith a lo g g in g system .
H ow ever, I think it is h e lp fu l in stu dyin g the present co m p lex situ ation i f w e consider three separate tech n ical explosions, or as w e cou ld call them , revolu tions.
F u rth er, I th in k it also h elp fu l to lo o k at the first tw o revolu tion s and see som eth in g o f their h is to ry b e fo re w e g ra p p le w ith the third, if o n ly to brin g hom e to ou rselves h o w q u ic k ly th in gs have m oved in the last 50 years and h o w they are p re sen tly accelerating.
A s P re s id e n t o f the D ire c tin g C om m ittee o f the In tern a tio n a l H y d rogra p h ic B ureau I m ak e no excu se in stressing the part the B ureau has p la y ed th ro u g h o u t its 50 years o f existence, by c a rry in g re v o lu tio n a ry tid in gs and d is sem in a tin g d etails o f the d e ve lo p in g tech n o lo g y am on g the m a ritim e nations o f the w o rld .
S pecial P u b lic a tio n N o. 1, pu blished b y the B ureau in 1923, w as the firs t o f fiv e subsequent p u b lication s w h ich record ed the develop m en ts in echo-sou n ding, m a k in g th em w id e ly k n ow n a m on g h y d ro g ra p h ic surveyors. T h e use o f ech o-sou n d in g tech n iqu es fo r su rve y in g first becam e evident in the U .S.A., U.K., F ra n c e and G erm a n y in the ea rly post-w a r (1914-18) years, b ein g the d irect resu lts o f efforts w h ich had been m ad e du rin g the w a r to locate su bm arin es b y sonic m ethods. In 1923 S.P. N o. 1 rep orted u n h a p p ily that m ost nations w ere still tre a tin g the n ew echosou n d in g d evelop m en ts as co n fid en tial, -" no doubt as the resu lt o f the recent w a r H o w ev er, the a u th or w as a ble to g iv e som e details o f the M a rti S ystem w h ich em p lo y ed sound m ade b y deton ation and w as used su ccessfu lly b y the F ren c h H y d ro g ra p h ic O ffic e to ob tain a lin e o f deep soundings fr o m M a rse ille s to P h ilip p e v ille , and o f P r o f. L a n g e v i n 's m ethod o f sou n d in g b y ' H ertzia n w aves \ " In spite o f the results o f the L a n g e v in apparatu s " w rite s the F ren ch H y d ro g ra p h e r o f th e tim e " w e are certain th at w e sh all succeed in sou n d in g b y m eans o f m uch m ore sim p le acoustic a rra n gem en ts, h a vin g d iscovered th at a lig h t b lo w w ith a h a m m er on the h u ll o f a ship tra n sm its to the w a te r su fficien t sonorou s e n e rg y to m ake T h e firs t tech n o lo g ica l re v o lu tio n had begun. S ixteen y ea rs la ter the fin al Special P u b lic a tio n on echo-sou n ding (S. P . N o. 33) w as pu blished, en titled " A S u m m a ry o f E ch o Sou nding A p p a ra tu s " . T h e au th or w as th en able to rec o rd m a n y d iffe re n t types o f ech o-sou n der in use at sea, brok en d o w n in to categories a cco rd in g to th eir son ic sources -h a m m e r blow s, a u d ible fre q u e n c y transm issions and in a u d ib le fr e q u e n c y tran sm ission s, the la tte r in c lu d in g m agn eto striction m ach in es a m o n g w h ic h w e r e nu m bered the " S ilen t Supersonic . A lth o u g h m uch p e rfe c tio n o f ech o-sou n din g still la y ahead, the first tech n o lo g ica l re v o lu tio n w as re a lly co m p lete on the eve o f W o r ld W a r II, w h ich in its tu rn w as to p rovid e the im p etu s fo r the second rev o lu tio n , that concern ed w ith electron ic fix in g m ethods.
In 1942, M r H a rv e y Sc h w a r z o f the D ecca R ecord C om pan y placed b e fo re the B ritish A d m ir a lt y his proposals fo r fix in g a ship at sea by electro n ic m eans. O n e m aster station and tw o slave stations, w id e ly placed ashore in position s o f k n o w n and exact location , enabled a vessel w ith a rec eive r and rec o rd in g decom eters to fix h er p o sition as fr e q u e n tly as she w ished.
T h e system relied upon phase com p arison betw een the signal tra n sm itted b y the m aster and that sent out b y the tw o slaves w h en trig g e re d b y the m aster signal. T h e phase com p arison s rea d fr o m the decom eters w e re p lo tted w ith refe re n c e to p re d ra w n h y p erb ola e on the ch art. T h e system w as first used o p e ra tio n a lly b y ships o f the a llied navies m a k in g th eir la n d fa lls o ff th e N o rm a n d y in vasion beaches on 6th June 1944.
O nce the w a r w as over the su rve yo r realised th at he re q u ire d his ow n tra n sp ortab le D ecca chain w ith tw o station s he cou ld locate b y tria n g u la tion, and fr o m each o f these the m aster station, ca rried onb oard the ship, could m easu re the d irect distance on th e e a rth ' s surface. C on ven ien tly fo r the su rveyo r, ea sily plotted circles rep laced h y p erb ola e as p o sition lines.
Such a system w as d eveloped b y D ecca in the late fo rties, th e L a m b d a system w ith lane id en tifica tio n fo llo w in g soon after.
T h e m easu rem ent o f pulse tra n sit tim es, fr o m w h ich w a rtim e radar w as developed, led to the b u ild in g o f a ra n g in g system b y the R a d io C orp ora tion o f A m e ric a fo r the co n tro l p o sition in g o f a irc r a ft d u rin g lon g-ra n ge b o m b in g m issions. T h is system too w as adapted b y h y d rograp h ic su rveyors a fte r the w ar, a sh ip -fitted tra n s m itter b e in g used to send out signals to shore-based and a ccu ra tely located active transponders. A n in d ica tor in the ship m easured th e elapsed tim e b etw een tra n sm itted pu lse and receip t o f the retu rn in g sig n a l to g iv e a tw o -ra n g e fix. T h e Coast and G eodetic Su rvey o f the U n ite d States w e re the first m a jo r users o f this system w h ic h they called Shoran.
O ve r the yea rs the phase co m p a rison system s m a y be said to h ave la rg e ly led the fie ld fo r use in h y d ro g ra p h ic w o rk . T h e in tro d u ctio n o f solid state com p on en ts en ab ling m ore portable and sim p ler eq u ip m en t to be m ade fo r the shore stations has enabled the sea su rveyo r to cut d o w n on w a s te fu l tim e and m a n p ow er req u ire d in establish in g, m an n in g and rec o ve rin g these stations.
So w e have seen D ecca La m b d a , H i-F ix , S ea-F ix, R a yd ist, H y d ro d is t and M R B 201 d evelop ed to m eet the sea su rveyo rs' needs, w h ilst at the sam e tim e pu lse system s such as M o to ro la and A rte m is m ay be con sid ered as short ran ge descendants o f Shoran. D u rin g the 1950s and 60s the IH B has tried to help the p ra ctica l su rveyo r b y d issem in atin g in fo rm a tio n on d e v e lo p in g fix in g equ ipm ents, ju s t as it d id d u rin g the echo-sou n ding rev o lu tio n o f the 1920s and 30s.
S.P. 39 w as firs t published in J u ly 1956 and gave d etia ls o f fo u r r a d io n a vig a tio n system s and eigh t su rve y system s, w ith o p era tion a l rep orts on six o f the latter. B y the tim e the 2nd ed itio n w as pu blished in 1965 there w e r e tw elve su rvey system s to be described, w h ils t since 1960 annual su pplem ents to the In tern a tio n a l H y d ro g ra p h ic R e v ie w had been pu blished to ca rry the o b je c tiv e o p era tio n a l rep orts o f n e w ly develop ed system s w h ich had been re c e iv e d fr o m seagoin g users. A glan ce at the annual in d e x in the D ecem ber nu m ber o f the I.H . B u lle tin under ' O p e ra tio n a l A ssessm ents o f E q u ip m en t ' w ill, in fu tu re, q u ic k ly sh ow w h at e q u ip m e n t has been covered in the B u lletin d u rin g the year.
E le ctro n ic fix in g eq u ipm en ts a re expen sive, and, w ith the ex cep tio n o f the su rvey c r a ft in w h ich th ey a re carried, u su ally represent the la rgest m a teria l in vestm en t in field op era tio n s in n a tio n al and co m m e rc ia l h y d rog ra p h ic offices. T h e p ro life r a tio n o f n ew system s and H a vin g selected a system m ost su rveyors are then fa ced w ith the need to ju s t ify the cost o f a c q u ir in g it, the p o ssib ility o f o b ta in in g the req u is ite fre q u e n c y clearan ces in th e areas in op eration and the c o m p a ti b ility o f such eq u ip m en t w ith a n y fu tu re d a ta -lo g g in g plans the o rg a n isa tio n m a y h a ve in m ind. F in a lly , it is n ot in fre q u en t that a n a tio n al p u rch asin g p o lic y p reven ts the G overn m en t-em p loyed su rveyor fr o m ob ta in in g the eq u ip m en t he con sid ers m ost id e a lly suited to his needs and his purse.
O nce purchased, fo r fin an cial reasons, the selected eq u ip m en t m ust su ffice fo r a lo n g tim e d esp ite th e a rriv a l on the scene o f n e w system s w h ic h w o u ld h ave been m ore suitable.
O f course the su rveyo r th in k s la rg e ly o f his ow n p a rticu la r re q u ire m ents, but at the IH B one becom es aw are o f the v e r y grea t d ifferen ces w h ich exist betw een one M em ber State and an oth er in the q u a lity and q u a n tity o f tech n olog ica l k n o w -h o w ; this w id e ran ge is fu rth er exten d ed w h en one co n sid ers d e v e lo p in g nations, not y et m em bers o f the In tern a tion a l H y d ro g ra p h ic O rg a n iza tio n , but w h o are approach ing us fo r a d vice in settin g up m odest su rvey units to ch art their ow n w aters. T o en cou rage the la tter to adopt exp en sive ele c tro n ic system s, w h ich th ey w ill be unable to m ain ta in , b e fo re th eir su rve yo rs have m astered the sextant, station poin ters and echo-sou n der is, I b e lieve, irresp on sible.
Once the stage is reach ed w h en a d eve lo p in g unit is re a d y to adop t an electron ic fix in g system , s im p lic ity o f op era tion and lo w m ain ten an ce req u ire m e n ts are im p orta n t fa c to rs w h en selectin g the rig h t eq u ip m en t fo r the tasks en visaged , w h ich m a y o f course entail a long ran ge capa b ilit y i f the co n tin en tal sh elf is to be delineated. M y fin al p o in t h ere is that w id e d issem in ation o f the m a n u fa c tu rer's d eta ils o f e v e ry n ew or m o d ified system o f electro n ic fix in g, togeth er w ith o b je c tiv e op era tio n a l rep orts fro m actu al users u nder v a ry in g con d ition s is essential i f the I.H . O rga n iza tion is to p la y a u seful part in g u id in g the w o r ld ' s h y d ro g ra p h ic su rveyors th rou gh the m aze o f m odern tech n o lo g y . W e need both the m an u factu rers' and the u sers' active h elp in this w o r k to w h ich w e are attaching great im p ortan ce.
W it h the g r o w in g use o f data a cq u isition system s and com pu ters e v e ry w h e re in the e a rly 1960s it w as o f course in evita b le that th e sea su rveyo r sh ould see in th eir use a w a y o f co m p letely a u tom atin g his w o rk . T h is w o u ld lead to fa ster and m ore co m p lete a cq u isition o f h y d ro g ra p h ic and d esc rip tiv e ocean ograp h ic data, to be tra n s fe rre d ashore to be there co n ve rted to a n a vig a tio n a l chart or ocea n og ra p h ic data sheet b y y et m ore a u tom atic m eans such as flat-bed scrib in g m achines, tape op erated typ e settin g m achines, etc.
T h e concept w as new and ex citin g , and in the excitem en t th ere has a lw a y s been a d a n ger that the need fo r absolute a ccu racy and the need fo r the seam an' s eye in the co m p ila tion o f a n a v ig a tio n a l ch art w o u ld be o verlo o k ed . H o w fa r and h o w su ccessfu lly h ave w e tra v e lle d alon g w h at A d m ir a l va n W e e l d e , the N eth erla n d s' H y d ro g ra p h er, has a p tly nam ed " the s lith e ry road tow a rd s a u to m a tio n " ! A t the presen t tim e there are p ro b a b ly not m ore than a dozen h yd rog ra p h ic services in the w o rld w h o a re re a lly g ra p p lin g to m aster the au tom ation p ro b lem at sea. T o attem pt to estim ate the am ou n t o f m on ey w h ich has been spent in these efforts, and h o w m uch o f it has pou red dow n n on -p rod u ctive gullies into the sea, w ou ld be an u n rew a rd in g e x er cise.
Such a w aste w as in evitab le if the sea su rveyo r is ever to pass fr o m the slith e ry side ro a d onto the three lane h ig h w a y o f fu ll au tom ation , alon g w h ich he w ill h ave to travel fa r and fa st b e fo re ou r k n o w le d g e o f the w o r ld 's oceans and seas w ill be su fficien t to m eet the e v e r-g ro w in g needs, not o n ly o f n a viga tion , but also o f co n tro lle d e x p lo ita tio n o f the seabed in both n a tion al and in tern a tion al fields.
T o fin d out h ow w e are g ettin g alon g is d iffic u lt, fo r the glossy handouts o f the m an u factu rers and o fte n sm o o th ly p resen ted papers b y su rveyors on n a tion al system s, illu stra te d w ith slides o f im p ressive b lack boxes and in trica te block diagram s, g iv e the im p ression that all is g oin g sp len d idly.
N everth eless, w e so o fte n fin d that w h en w e are p riv ile g e d to see a system in action som e vita l elem en t is out o f o rd e r and a chat w ith the o ffic e r con du ctin g the su rvey o fte n revea ls a sad la ck o f co n fi dence in autom ation.
On yet oth er occasions, fo r reasons o f exp ed ien cy in, perhaps, a rem ote area, fa u lty a u tom ation has to be set aside in fa v o u r o f tra d itio n a l m ethods. H o w ev er, th ere is n oth in g n ew in th is and w e have to rec o g n ize that seldom , i f ever, can su rveyin g ships be set aside fo r long, p u rely fo r tria ls and ex p erim en ta tio n w ith new system s.
In the m id -th irtie s I reca ll m a n y tim es, w h ils t boat sounding, g ettin g ou t the lea d lin es w h en the echosounder b rok e d ow n . T h e Captain w o u ld not have th an ked m e at n ig h t fa ll if, w ith a b la n k field b oard in m y hand, I had told h im I had spent the d a y w ith a sc rew -d rive r in side the echo so u n d in g m achine.
R o b e r t s a n d W e e k s presen ted at the F IG C on feren ce in W ie s b a d e n in 1971.
T h e sto ry is told fr o m 1960 to 1970 w h ich led to the em ergen ce o f H y d ro p lo t (U.S.C. & G. S u rv e y ), H ysu rch (U .S .N .), H a a p s (C an ad a) and the co m m e rc ia l A u toca rta . D u rin g this ev o lu tio n a ry p eriod such decisions as the use o f m agn etic or p a p er tape, w h eth er the com p u ter w as to be sited on b oa rd or ashore, and w h a t fo rm o f echo-sounding d ig itis a tio n to adop t had to be m ad e by the d evelop ers a ccord in g to th eir resp ective needs w h ic h have led to an in terestin g d iv e r s ity o f approach.
T h e U .K . a pproach to sh ip b o ard su rvey op eration has been describ ed b y C om m an d er M a c k a y in 1971 at the C om m on w ea lth S u rvey C onference. T h e res u ltin g system is so m ew h at d iffe re n t to those re fe rre d to above. K n o w n as the M a rcon i E llio tt H y d ro p lo t it w as designed p a rtic u la rly to m eet the req u ire m e n ts o f ocean su rveys w h en g ra v ity and m agn etics are b e in g rec o rd ed co n tin u a lly, in a d d itio n tu b a th ym etry, over lon g p eriod s d u rin g both d a y and night, d u rin g w h ich tw o lon g ran ge fix in g system s are in sim u ltan eou s use so that th e y m a y be used to m o n ito r each other.
T h is system has been p a rtic u la rly successful in the g r a v ity field w h ere the com p u ter, an E llio tt 920B, is able to sm ooth the irre g u la ritie s o f the fix in g system s co n tin u a lly o ver th e p reviou s 15 m inutes b e fo re a p p ly in g the E otvos co rre ctio n w h ich relie s on v e ry accu rate assessm ents o f speed an d cou rse; to this the com p u ter also applies the In tern a tio n a l G ra v ity va lu e fo r the latitu d e in ord er to com pute the F ree A ir an om aly.
O w in g to the cautious a p p roa ch b y B ritish naval su rveyors to the d ig itis a tio n o f echo-soundings, s till p r e fe r r in g person al in sp ection o f the trace, there h a ve not been sign ifica n t advances in the b a th y m e tric field. T h e ch ange n o w m ade fr o m a d ru m type p lo tter to a flat bed K in g m a tic p lo tte r on th e b rid ge enables the su rveyo r to v ie w the w h o le su rvey area at once and the au tom atic p lo ttin g o f su rveyin g fixes is n ow a v e r y satis fa c to r y p a rt o f this ocean su rve y system . G erm a n y and the N eth erla n d s are also p roceed in g w ith a u tom ated su rve y system s, d etails o f w h ich , as y et unpublished, have been su pp lied to the B ureau so that w e m a y pass them on to In d ia to h elp th em in p la n n in g a system fo r a n ew s u rv e y ship. R ecen t pap ers in the I.H . R e v ie w have described a D anish System , the U.S. 'H y d a s ' and 'H ysu rch ' and the system in P ro te a the n ew South A fr ic a n su rve y ship. W h a t w e need m ost o f a ll are op eration a l rep orts fo r the B u lle tin ; such rep orts m a y in the sh ort run en tail som e r u fflin g o f n a tio n al fea th ers or m a k e r's p rid e, but in the lon g run w ill be to the ben efit o f th e w o r ld ' s sea su rveyo rs as a w h o le in selecting the system s, or parts o f system s m ost a p p lica b le to th eir tasks.
C om pu ters and lo g g in g system s are incapable o f lo g ica l thought, th ey sim p ly c a r r y ou t w ith g rea t ra p id ity instru ctions g iven to them and store g rea t q u a n tities o f data. T h e su rve y o r w ill, w e hope, a lw a y s rem a in m ore im p o rta n t than the eq u ip m en t he uses and the m ost m od ern e q u ip m en t m ust s till be rega rd ed as a su rve yin g tool.
L o o k in g back o ver the 50 y ea rs covered b y this paper one sees h ow in e v ita b ly and co m p a ra tiv e ly r a p id ly su rveyin g equ ipm en t now becom es obsolescent.
T h e su rveyo r h im s e lf also becom es obsolescent eith er b y rea ch in g r e tir in g age w h ic h is in e vita b le, or b y b ecom in g m e n ta lly ob so lescen t lo n g b e fo re old age takes over.
T o a vo id prem a tu re obsolescence, it is necessary, a m o n g oth er things, to k eep up w ith cu rrent litera tu re. H . R eview , p o in ts out th at th ere a re 100 000 pu blished a rticles on su rve yin g each yea r, o n ly a sm a ll fr a c tio n o f w h ich are o f in terest to one su rveyor. It is h ere that the L ib r a r ia n , in those establishm ents lu c k y en ou gh to h ave one, pla ys a v ita l ro le in w in n o w in g the c h a ff and b rin g in g the corn to the a tten tion o f the b u sy su rveyor.
A n d it is h ere on a w o rld -w id e scale that w e b elieve that th e B ureau w ith its L ib r a r y , at presen t w o e fu lly la c k in g in m od ern tech n olog ica l papers and pu b lication s, cou ld m ake a co n sid era b le co n trib u tion b y b r in g in g to the n otice o f th e IH O M em bers item s o f im p o rta n ce to h y d ro g ra p h ic su rveyo rs b y m en tio n in g them , tra n s la tin g th em and perhaps p u b lish in g them in the B u lle tin or the R e v ie w as a p p ro p ria te.
T o con tin u e on the them e o f th e S u rvey o r : in the w o r ld to d a y there are tw o types o f su rve yo r em p lo y ed b y d iffe re n t n ation al h y d ro g ra p h ic offices, w h ils t in the co m m e rc ia l field both typ es are o fte n w o r k in g togeth er. B y and la rg e in those organ isa tion s w h ic h are p a rt o f the n a tio n a l navy, the sh ip ' s deck officers, fro m the C ap tain d o w n w a rd s, are n a va l o fficers, the O O W on the b rid ge b ein g in ch arge o f both the sh ip' s s a fe ty and the su rve yin g op eration s ; in m a n y oth er co u n tries ce rtifie d m erch an t service o ffic e rs a re in ch arge o f the ship w h ic h th ey n a viga te a cco rd in g to the req u ire m e n ts o f the q u a lified su rveyors.
T h e re a re m erits in both system s w h ic h w e re argu ed ou t at th e F IG m eetin g in W ie sb a d e n , as a m u sin gly re p o rte d b y M c Cu l l o c h a t the 11th C anadian H y d ro g ra p h ic C onference. F u r th e r u npu blished discu ssion took place in the H y d ro g ra p h ic C om m ittee o f the R o y a l In stitu tion o f C h artered S u rvey ors (U .K .) at the S h riven h a m C on feren ce o f L a n d S u rvey ors (A p r il 1972), and no dou bt it w ill be fr e q u e n tly discussed again.
I b e lie v e th at the grad u a l in flu x o f u n ive rs ity grad u ates in to m ost m od ern n a vies w ill s lo w ly b lu r the d ifferen ces betw een these tw o system s; it is in te re s tin g to hear th at a lre a d y it is the p ra ctice in H .M . N a va l S u rvey in g ships o p era tin g in the den sely popu lated iraffic. lanes o f the Channel to m ain tain tw o O O W s , one in ch arge o f n a vig a tion and ship safety, the oth er, co p in g w ith the su rveyin g. D espite progress in a u tom a tion I b elieve the d a y is still fa r distan t w h en the O O W w ill be able to lea ve the ele ctro n ic e q u ip m en t to cope w ith the su rvey u naided w h ile he n a viga tes th e ship.
A t the 10 th In tern a tio n a l H y d ro g ra p h ic C on feren ce a R e so lu tio n (K 29.2) w as adop ted on the tra in in g o f h yd rog ra p h ers, and this has resu lted in the settin g up o f a w o r k in g grou p, under the ch a irm a n sh ip o f the D o m in io n H y d ro g ra p h e r (C a n a d a ), w h ic h w ill a ttem p t to d ra w up a standard cu rricu lu m fo r an in term ed ia te le v e l tra in in g cou rse w ith the a im o f rea ch in g an in tern a tio n a l basic stan dard o f excellence. D ra w in g up such a cu rricu lu m to cope w ith w id e ly d iffe re n t typ es o f basic ed u cation w ill not be an easy task, and I w ou ld su ggest th at in v ie w o f the presen t state o f tech n o lo g y in sea su rve yin g the basic standard o f ex cellen ce w ill n ecessa rily in clu d e a sound w o rk n g k n o w le d g e o f com p u ters and associated hard a n d so ft w a re lik e ly to be in v o lv e d in au tom ated s u rv e y in g at sea in th e 1970s and 80s.
O n ly i f the m o d e rn su rveyo r is w e ll tra in ed to th in k in m od ern term s o f tech n o lo g y w ill he a void p e rso n a l obsolescence and thus keep ahead o f his n e w eq u ip m en ts w h ich have n ot the brains to a void th eir ow n in e v ita b le obsolescence.
